It is now generally accepted that hyperaldosteronism is associated with such oedematous states as the nephrotic syndrome, cirrhosis of the liver, and congestive heart failure (Wolff et al., 1964) ; that the renin-angiotensin system plays an important role in the regulation of aldosterone secretion (Genest et al., 1960; Laragh et al., 1960; Carpenter, Davis, and Ayers, 1961; Bartter et al., 1961; BlairWest et al., 1962;  Davis, 1962) ; and that plasma renin activity is increased in oedematous conditions (Yoshinaga et al., 1963; Brown et al., 1964; Veyrat et al., 1964; Fasciolo et al., 1964; Ayers, 1967) . On the other hand, little is known about the angiotensinogen levels which influence the plasma renin activity values as determined by available methods (Yoshinaga et al., 1963; Warzynski, Demirjian, and Hoobler, 1964; Boucher et al., 1964; De Vito and Fasciolo, 1965; Pickens et al., 1965) .
The present communication reports simultaneous determinations of plasma renin and angiotensinogen levels in several pathological conditions associated with oedema and ascites, and discusses the role of the renin-angiotensin system in these conditions.
The effect of the increase in blood pressure on the plasma renin concentration was studied in several renal disorders associated with hypertension.
Materials and Methods The present study included 7 patients with the nephrotic syndrome; 7 with acute glomerulonephritis, 2 of whom were oedematous at the time of examination; 9 with chronic renal diseases, including glomerulonephritis, pyelonephritis, and hypoplastic kidney, all except one of whom were without oedema; 9 with cirrhosis of the liver caused by Wilson's disease or congenital bile-duct atresia; 5 with liver disease without cirrhosis; 2 with congestive heart failure; and 2 with protein-losing enteropathy. All the patients were under 15 years of age (range 3 months-15 years). 17 samples from 16 normal subjects aged between 3 months and 28 years served as controls.
In the patients with the nephrotic syndrome, a blood sample was drawn under three different conditions: (i) during the initial phase, when the patients showed generalized oedema before being treated by sodium restriction and steroids; (ii) during the diuretic phase, when generalized oedema and proteinuria had disappeared under steroid therapy and while the patients were still on a salt-restricted diet; and (iii) during the convalescent phase, when such biochemical abnormalities as hypercholesterolaemia and hypoproteinaemia had subsided and the patients were receiving intermittent steroid therapy and an ordinary diet.
The controlled diet for the treatment of oedema was graded according to its salt content as: (lst degree), a low salt diet, containing about 10 to 30 mEq sodium chloride per day; (2nd degree), a mildly restricted diet, containing 30 to 80 mEq sodium chloride per day; and (3rd degree), no restriction of salt.
Plasma renin concentration was determined as reported elsewhere (Imai and Sokabe, 1967) . The method was based on that of Boucher et al. (1964) , modified as follows: (a) amounts of Dowex 50W-X2 resin and of the reagents were reduced to compensate for the small amounts of plasma obtainable from infants and children; (b) the final eluate was not acidified by acetic acid but was evaporated immediately to dryness; and the final dry residue was dissolved in 0-6 ml. 0 9% saline; (c) the values of plasma renin concentration were expressed as K, the constant of a first order reaction. According to Helmer and Judson (1963) , this K is equivalent to a Goldblatt unit per ml. plasma.
Angiotensinogen concentrations were determined as previously reported (Imai and Sokabe, 1967) : to 0 1 ml. plasma adjusted to pH 5 *5 was added an excess amount of renin prepared from human kidney extract, 0 2 ml. 3 -8% ammonium EDTA, and 1 -0 ml. 0 -2 M ammonium acetate buffer (pH 6 0), and the mixture was incubated with 2 ml. Dowex 50W-X2 renin (NH4 + form) at 370 C.
for 2 hours. The method to elute angiotensin was the same as mentioned above. Plasma angiotensinogen level was expressed as nanograms of angiotensin per ml. plasma. Results Normal subjects. The mean plasma renin level (K x 105) of 16 normal subjects was 5 *7±3 *2 (SD), ranging from 1*4 to 11*3, with a 95%0 confidence limit of 3 *7 to 7 1. The mean angiotensinogen level in the same subjects was 294+129 (SD) ng./ml. ranging from 99 to 555 ng./ml., with a 95 % confidence limit of 227 to 361 ng./ml.
Liver disease. The plasma renin concentration in various liver diseases, as shown in the Table, was increased in patients with cirrhosis of the liver with ascites. A moderate increase was also noted in cirrhotics without ascites. Plasma renin level in the miscellaneous liver diseases without cirrhosis was within normal limits.
Angiotensinogen levels tended to decline with increased severity of the cirrhosis. An inverse correlation was observed between the logarithmic values of the angiotensinogen and the plasma renin concentrations (Fig. 3) Acute glomerulonephritis and chronic renal diseases. Plasma renin levels in diffuse parenchymatous renal diseases other than the nephrotic syndrome are shown in Fig. 4 tion. In the majority of the normotensive group * on ordinary diet, it was in the lower limit of normal. An increase in plasma renin concentration was noted only when salt intake was restricted.
* Discussion The present investigation confirms earlier observations that plasma renin activity is increased in 400 500 the oedematous states associated with the nephrotic syndrome, liver cirrhosis, and congestive heart evels with the failure (Yoshinaga et al., 1963; Brown et al., 1964;  rdiseases. Veyrat et al., 1964; Fasciolo et al., 1964; Ayers, (Bartter, 1956; Davis, 1962) . It is probable that secondary hyperaldosteronism in these oedematous states results from increased activity of the reninangiotensin system induced by a reduction of 'effective' blood volume.
In the initial phase of the nephrotic syndrome, the increase in plasma renin concentration was associated with generalized oedema. In the diuretic phase, plasma renin concentration was also raised in spite of the absence of oedema. In this period, salt restriction may be responsible for the observed increase in plasma renin level. Hypertension was not observed throughout the course of the disease.
The total blood volume is increased in cirrhosis of the liver (Lieberman and Reynolds, 1967) , but the increase in blood volume may be confined to the hepatolienal circulation, resulting in portal hypertension. 'Effective' blood volume may be decreased in this condition, because a diminished glomerular filtration rate is often associated with liver cirrhosis (Lancestremere et al., 1962) . Thus, increase in plasma renin concentration in this condition may be due to the decrease in 'effective' blood volume. It is of interest that plasma renin concentration is also increased in liver cirrhosis without ascites. Decrease in metabolic clearance rate of renin may be a cause of the increase in the plasma renin level in liver cirrhosis. Recently, Heacox, Harvey, and Vander (1967) found a significant difference between arterial and hepatic venous renin in the dog, and concluded that the liver was the major site of renin inactivation.
An increased activity of the renin-angiotensin system seems to be a compensatory mechanism to restore the diminished 'effective' blood volume, rather than a cause of oedema, because plasma renin concentration is also increased in such conditions as the diuretic phase ofthe nephrotic syndrome, or liver cirrhosis without ascites.
Angiotensinogen or renin substrate is a protein that migrates with x2-globulin. Although the normal values of the angiotensinogen levels reported in this study are somewhat lower than those reported by others (Aida et al., 1965; Gould, Skeggs, and Kahn, 1966) , relative values are significant among various conditions. In the initial phase of the nephrotic syndrome, it was significantly reduced. This is consistent with the observation of Aida et al. (1965) , and may reflect the hypoproteinaemia in this state. Angiotensinogen concentration was also decreased in liver cirrhosis with ascites: this accords with that of Ayers (1967) , and suggests that plasma angiotensinogen level is closely related to protein metabolism. It may be influenced also by the levels of plasma renin activity, because a marked increase in angiotensinogen has been reported in nephrectomized rats (Sokabe et al., 1965) . The present investigation has shown that angiotensinogen is increased in the diuretic phase of the nephrotic syndrome. The underlying mechanism is open to question. Increased protein metabolism may be one factor.
Variations of angiotensinogen in various conditions would influence the formation of angiotensin when the plasma is incubated in vitro, because the enzymatic reaction of renin on angiotensinogen is dependent on the concentration of substrate, as reported elsewhere (Imai and Sokabe, 1967) . The formation of angiotensin does not reflect accordingly the true renin concentration. The expression by the first order reaction constant is recommended in order to eliminate the influence of changes in plasma angiotensinogen levels.
The finding that the plasma renin level is suppressed in diffuse renal diseases with hypertension is inconsistent with the observation of Massani et al. (1966) , who reported that plasma angiotensin levels were high in acute glomerulonephritis with hypertension. However, decreased activity of the renin-angiotensin system has been observed in several pathological conditions associated with hypertension (Helmer, 1964; Brown et al., 1965;  Kawabe and Sokabe, 1966) , and in spontaneously hypertensive rats (Sokabe, 1966) . We would like to emphasize that plasma renin levels are decreased when hypertension is present, even in conditions associated with oedema or during salt restriction. Consequently, the high blood pressure also acts as a negative feedback stimulus to the juxtaglomerular apparatus. Summary Plasma renin and angiotensinogen levels were determined in several pathological conditions associated with oedema. Plasma renin concentration was significantly increased in patients with the nephrotic syndrome and generalized oedema. It was also raised in patients without oedema on salt restriction. In cirrhosis of the liver, a marked increase in plasma renin concentration was noted when ascites was present. In those without ascites, it was also raised significantly. In patients in congestive heart failure or suffering from proteinlosing enteropathy, increased plasma renin concen-tration was associated with generalized oedema. In acute and chronic renal diseases with hypertension, plasma renin levels were decreased. Angiotensinogen levels were decreased in the initial phase of the nephrotic syndrome and in cirrhosis of the liver with ascites. 
